The aim of the present study was to investigate communication function using classification systems and its association with other functional profiles, including gross motor function, manual ability, intellectual functioning, and brain magnetic resonance imaging (MRI) characteristics in children with cerebral palsy (CP).
INTRODUCTION
Communication difficulties are common problems in individuals with cerebral palsy (CP). The estimated prevalence for communication problems in CP ranges widely from 38% to 78%, depending on the definition of communication disorders. [1] [2] [3] [4] [5] The Communication Function Classification System (CFCS) was developed to classify functional communication ability into five levels for individuals with CP. 6 The Viking Speech Scale (VSS) is a four-level rating scale developed to classify functional speech intelligibility in daily life for individuals with CP. 7 In addition, the Speech Language Profiles Groups (SLPG) paradigm separates children based on the presence or absence of speech motor involvement and language/cognitive involvement. 8, 9 CFCS, VSS, and SLPG assess communication function, speech intelligibility, and both speech motor and language/ cognition ability, respectively.
Among neuroimaging studies, brain magnetic resonance imaging (MRI) is regarded as the most suitable tool to visualize brain lesion and to obtain insight into the functional outcomes of patient with CP. 10, 11 However, studies of communication function in relation with brain MRIs are still limited. In previous studies, 4, 5, 12 significant associations between CFCS and gross motor function and manual ability were demonstrated. However, the associations of VSS or SLPG with gross motor function and manual ability have not yet been investigated, to the best of our knowledge. According to previous studies, cognitive function plays a key role in communication function 5, 12, 13 and speech and language development. 14 Therefore, this study intended to investigate communication function using all three communication classification systems in order to comprehensively capture speech, communication, and language abilities, and also to identify relationships between communication function and gross motor function, manual ability, and intellectual function in children with CP.
MATERIALS AND METHODS

Study design and participants
This prospective, cross-sectional, observational study was conducted in a university-affiliated, tertiary-care hospital. Among the children who were admitted to our hospital for intensive therapy between March 2016 and February 2017, children with CP aged from 4 to 16 years whose primary caregivers agreed to participate were recruited for the present study. In total, 117 children with CP participated in the study. The mean age of the subjects was 7.0 years (range 4−16). The general characteristics of the participating children are presented in Table 1 .
Informed consent was obtained from the primary caregiver and/or the participants according to the rules of the Institutional Review Board (IRB) of our hospital. This study was conducted after obtaining approval from the IRB in Severance Hospital (approved number: 4-2016-0006).
Communication function
The CFCS was developed to classify functional communication ability into five levels for children with CP aged 2 years and older. 6 It seeks to classify overall communication effectiveness in everyday situations based on the individual's ability to act as both a sender and receiver of information, regardless of the modalities used. 8 On the other hand, the VSS is a four-level rating scale developed to classify functional speech intelligibility in daily life for children with CP aged 4 years and older. Both the VSS and CFCS are valid and reliable tools for classifying communication function. [6] [7] [8] 15 Thus, it has been proposed to adopt the VSS to classify motor speech abilities, while the CFCS can be used to classify a broader communication function for epidemiological surveillance of communication function in children with CP. 15, 16 The SLPG paradigm separates children based on the presence or absence of speech motor involvement and language/ cognitive involvement. It is known as a valid and reliable tool for classifying speech and language ability in children with CP aged 4 years and older. 8, 9 The VSS, CFCS, and SLPG were determined by a speech-language pathologist (Park J) with more than 5 years of experience with children with CP. In addition, speech-language pathologist classified the CFCS level based on direct observation of the child and also interviews with parents to get the most accurate and comprehensive information about communication from the child in various situations with familiar and unfamiliar partners. According to a previous study, 8 the SLPG can be classified into four major groups: level I (no speech-motor involvement, age appropriate, or impaired language/cognition), level II (speech-motor disorder, age appropriate lan- 
Gross motor, manual ability, and cognitive functional assessment
For each child, Gross Motor Function Classification System (GMFCS)-Expanded and Revised and the Manual Ability Classification System (MACS) functional levels were determined according to the instruction manuals by one of the authors (Choi JY). 17, 18 The intellectual functioning of the children was assessed using the Korean version of the Wechsler Intelligence Scale for Children, third edition (K-WISC-III), the Korean version of the Wechsler Preschool and Primary Scale of Intelligence, revised edition (K-WPPSI-R), or the Korean version of the Bayley Scales of Infant Development, second edition (K-BSID-II) according to the child's ability. If the child could not complete the WPPSI, the K-BSID-II tests were applied. Based on the Full Scale Intelligence Quotient (IQ) or the mental developmental index (MDI) of the BSID, intellectual disability was defined as Full Scale IQ or MDI <70 according to the American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders. 19 Compared to verbal IQ, performance IQ seems to be more difficult to reflect the intellectual ability of the children due to their motor difficulty, and thus, verbal IQ or MDI <70 was defined as intellectual disability for this study.
Associated impairments
Based on review of the subjects' medical records and an interview with a parent or primary caregiver, the presence of accompanying impairments, such as epilepsy, severe visual impairments, or hearing impairment (HI) requiring hearing aids or cochlear implants, was investigated. Three children had HI. The severity of HI in the better ear at diagnosis was classified using the World Health Organization classification: mild, 26−40 dB HI; moderate, 41−60 dB HI; severe, 61−80 dB HI; and profound, >80 dB HI. 20 According to this classification, two children had mild HI and one child had profound HI. The child with profound HI had undergone cochlear implantation; the other two children wore hearing aids. All of them had improved hearing ability after the intervention. Their functional classifications were VSS/CFCS/SLPG level II or III (II/III=2/1) with GMFCS level I and MACS I or II (I/II=1/2).
Three children had functional blindness in both eyes, while three other children had a percutaneous endoscopic gastrostomy feeding tube. All of these six children were at GMFCS/ MACS/CFCS level IV (n=1) or V (n=5) with VSS/SLPG level III (n=1) or IV (n=5).
The definition of epilepsy history requires the occurrence of at least one epileptic seizure. 21 
Brain MRI
All brain MRI studies were performed using either a 1.5 tesla or 3 tesla MRI (Achieva 1.5 Tesla/3.0 Tesla, Philips Medical Systems, Best, the Netherlands). A total of 115 children underwent brain MRI, the results of which were entered into a picture archiving and communication system (PACS). Two patents were excluded because of lack of MRI results in the PACS of our hospital. The brain MRI images were reviewed and classified into normal, congenital malformation, periventricular white matter lesion (PVWL), deep gray matter lesion, focal infarct, cortical/subcortical lesion, and others according to a previous study. 10 PVWL patients were subgrouped into three levels: mild (hyperintensity in periventricular white matter), moderate (hyperintensity+ventricular wall irregularity), and severe (diffuse PVWL+ventricular dilatation) according to our previous study. 22 The classification of brain MRI was performed by a neuroradiologist (Choi YS) who was blinded to the children's clinical condition.
Statistical analyses
Statistical analysis was performed using the Statistical Package for the Social Sciences for Windows (SPSS ver. The chi-square test or Fisher's exact test was used to compare differences in the distributions of communication classification systems in relation with brain MRI characteristics. Posthoc Bonferroni correction was used for multiple comparisons. Additionally, logistic regression analysis was performed to determine the independent risk factor of poor functioning in communication function. Multiple logistic regression analysis was performed on variables with an unadjusted effect and a p<0.05 on simple logistic regression analysis. For logistic regression analysis, the functional profiles, such as the GMFCS, MACS, VSS, CFCS, and SLPG, were grouped into two groups of good function (level I or II) and poor function (other levels). Statistical significance was set at a p-value <0.05 for all statistics.
RESULTS
Communication function
Speech, gestures, eye gaze, facial expression, or pointing were the only communication methods for all of the children in our study. No one used speech generating devices or communication boards or pictures. Descriptive cross tabulations among the communication functional classification systems are de-scribed in Table 2 . The participants at VSS level I and IV were also classified into the corresponding levels of SLPG. On the other hand, VSS level II or III captured children with speech motor impairment but did not differentiate children with language impairment from children without language impairment. In addition, there were substantial overlaps of the CFCS level with each SLPG or VSS levels. All three communication classification systems were very strongly related with each other (r>0.8, p<0.01) ( Table 3) . 
Associations with other functional classification systems
Descriptive cross tabulations of the GMFCS and MACS against the CFCS are presented in Table 4 . The children at level I of the GMFCS or MACS showed a wide range in communication function, spanning from level I to IV of the CFCS. In addition, communication function of children at GMFCS or MACS level IV or V spanned the full spectrum of the CFCS.
All three communication classification systems presented moderate relationships with the GMFCS and strong relationships with the MACS.
Factors related with communication function
In multiple logistic analysis, intellectual disability and poor functioning of manual ability were independent risk factors for poor functioning in the CFCS and VSS, while intellectual disability was the only independent risk factor for poor functioning of SLPG. In the children with intellectual disability based on verbal IQ/MDI, the odds ratios (ORs) were 25 
Relations with brain MRI patterns
PVWL on brain MRI was the most predominant pattern, followed by deep gray matter lesion. The distributions of the three Table 6 . Children with PVWL and deep gray matter lesion spanned the full spectrum of classification levels in all three classification systems. Ninety-two children had PVWL on brain MRI, and poor functioning was more common in the SLPG than in the VSS or CFCS (p<0.05) ( Table 7) . The severity of PVWL was significantly related with SLPG. Post hoc analysis with Bonferroni adjustment revealed that children with severe PVWL were likely to have more impairment in SLPG, compared to the children with mild PVWL (Table 8 ).
DISCUSSION
The use of the VSS and CFCS is recommended for classifying speech intelligibility and communication ability, respectively. 15 On the other hand, Hustad and colleagues 8 demonstrated that neither the VSS nor CFCS had sufficient sensitivity to detect the presence of language impairment captured by the SLPG; thus, multiple tools are necessary to comprehensively describe speech, language, and communication profiles in children with CP. The substantial overlap of the CFCS level with each level of VSS and SLPG noted in the present study is consistent with this previous study. In addition, we found strong associations among the three different classifications systems. These findings can be explained by the fact that speech motor impairment is reflected in all three classification systems to a varying degree. In addition, the very close interactions among speech, language, and communication appear to contribute to the very strong associations among them. Although the use of all three communication systems is needed for a comprehensive picture of speech, language, and communication function in children with CP, the very strong associations among the communication classification systems suggest that the use of one classification system, instead of all three, can produce rough information on communication difficulty in these children for surveillance studies involving retrospective data analysis.
The associations of the CFCS with the GMFCS and MACS in 222 children with CP were investigated for the first time by Hidecker and colleagues. 4 In their study, the CFCS presented moderate associations with the GMFCS and MACS. The strong associations of the CFCS with the GMFCS and MACS were also demonstrated in other previous studies 5, 12 in which the sample sizes were much smaller than in Hidecker et al. 's report. 4 On the other hand, we found strong relationship of CFCS and also VSS and SLPG with MACS. However, the associations were only moderate with GMFCS level. The close links of gross motor and fine motor skills with cognitive, social and language development has been found in typically developing children and also neurodevelopmental disorders. 24, 25 Recently, more close connection of fine motor skills with language development, as compared to gross motor function, has been demonstrated in the children with neurodevelopmental disorder. According to recently published studies, deficits in language development were found to be more related with fine motor function, compared to gross motor function. [25] [26] [27] The results of the present study also support the more significant role of manual ability for communication function, rather than gross motor function, in children with CP.
The significant role of cognitive function in communication ability was presented in prior studies. 5, 12, 13 We also found significant associations of cognitive function with all three communication function classification systems.
Recently, there has been a trend to delineate the functional outcomes of children with CP based on brain MRI findings in the early stage of life. As part of these efforts, communication outcomes have been delineated in relation with brain lesion characteristics, although there have only been a few studies. Cortical/subcortical lesion, deep gray matter lesion, and brain malformation are associated with non-verbal status in children with CP. 5, 11, 28, 29 To the best of our knowledge, there has only been one report showing communication function based on the CFCS in relation with brain MRI characterization. 5 In that study, PVWL was associated with more functional CFCS levels, while cortical/subcortical and deep gray matter lesions were associated with less functional CFCS levels. Recently, there have been emerging studies describing the wide range of motor or cognitive outcomes in children with PVWL or deep gray matter lesion in relation with the severity of brain lesion. 22, [30] [31] [32] [33] [34] Also, in present study, we noted wide range variability in communication function in children with PVWL. In addition, we discovered that the severity of PVWL was only related with SLPG. The significant negative effect of PVWL on cognitive functional outcome 22, 31, 35 and also significant associations between the severity of PVWL and cognitive function 22 have been published in prior studies. In this context, the results of our study can be explained by the greater focus of the SLPG on cognitive/ language impairment, compared to the VSS and CFCS. In addition, the children with PVWL were likely to exhibit poor functioning in SLPG, compared to VSS and CFCS. These findings also suggest that language/cognition seems to be more problematic than speech intelligibility and communication function in children with PVWL.
Limitations
The major limitation of the present study is in the distribution of communication function and brain MRI characterization. Compared to previous studies, the ratio of poor communication function to good functioning was smaller. This may affect the degree of associations between communication functions and other functional levels. However, our results are in line with those of previous studies, and thus, the effect seems not to be significant. Further study is needed with a larger sample of children with poor communication function. As for the relation with brain MRI characterization, there were many cases with PVWL; thus, the characteristics of the three communication classification systems in children with PVWL are worthy of note. However, the number of children with other brain MRI characteristics was too small to provide conclusive data. Thus, further studies are needed on communication function in children with other types of brain lesions. In addition, the majority of the children were spastic type, another limitation of our study. Compared to the children with bilateral spastic CP, the children with dyskinetic CP had more severe gross motor impairment, although there were no statistical differences in communication function between groups. 5 It might be possible that the degree of associations of communication function with other functions, such as gross motor function and manual ability, may be different according to CP type, and thus, further studies are warranted in terms of the associations of communication function with other functions according to the types of CP.
In conclusion, the three communication classification systems were very strongly related with each other. However, the substantial overlapping of the CFCS level with each level of VSS and SLPG suggested that the use of all three communication classification systems is recommended for a comprehensive description of speech, language, and communication ability in children with CP. Intellectual function was also found to be a significant factor related with the functioning of all three communication function classification systems. In addition, more close connection of manual ability with communication function was demonstrated, than gross motor function in these children. In the children with PVWL, a wide range of communication outcomes were noted, and the severity of PVWL was significantly related with SLPG.
